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Section headings in the COVID Science Update align with tkEDC Science Agenda for CGAD

Detection, Burden, and Impact

PEERREVIEWED

Safety,immunogenicity,and efficacy of the BNT162b2Z0OVID19 vaccinein adolescents Frencket al.
NEJM (May 27, 2021).

Key findings:
1 Vaccine efficacy was 100% (95% CI%8.80%) inlL2- to 15-year-olds.
0 There were no cases in the vaccinated group compared with 16 cases among the placebo group,
7 or more days after dose 2.
1 Compared with baseline, geometric mean neutralizing antibody titers were &Rl ®igherl month
after dose 2.
1 Vaccine reactions were mainly transient, mild to moderate, and similar to a comparator group2s 16
yearolds.
o0 Injectionsite pain was reported by 79% to 86%, fatigue was reported by 60% to 66%, and
headache was reported by 55% to 65% of participahiguie).

Methods: A randomized, placeboontrolled, observeblinded trial ofPfizer/BioNTeclBNT162b2 in 2,260
adolescents 1215years old(1,129 received placebdgfficacy of the vaccine was assessed based on confirmed
SARE 02 infection with onset 7 or more days after dose 2. Reactogenicity eYassessed for 7 days after each
dosé and unsolicited adverse events compared witlg286 age group (n = 3,6 1ARE0V2 serum

neutralization assays were performddmitations Racial and ethnic diversity of participants-12 years does not
reflect the general US population; short (1 month) peatcination safety evaluation.

Implications Vaccination of adolescentgith BNT162b2 was safe and effectiviaccinating adolescents will
broaden community protection, and it will likely facilitate reintegration into society and resumptionpdrison
learning.
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Note: Adapted from Frenckt al. §/stemicevents reported within 7 days after receiving dose 1 (top) or dose 2 (bottom) of
vaccine or placebdl participant in the 120-15-yearold group had a fever with a temperature >40°C after doderdm the

New England Journal of Medicirfeencket al., Safety, immunogenicity, and efficacy of the BNT162b2 CQ¥Maccine in
adolescentsMay 27 2021, online ahead of print. Copyright © 2021 Massachusetts Medical Society. Reprinted with permission
from Massachusetts Medical Society.

Occurrence of severe COVID in vaccinated transplant patient<Caillarcet al. Kidney International.
(May 21, 2021).

Key findings:
1 55 solid organ transplant recipientieveloped COVHD9 after receiving 2 doses of mRNA vaccine.
o0 Symptoms began a median of 22 days after the second vaccine dose (Figure)
o 15 cases required hospitalization; of these, 6 were admitted to an intensive carendi8 died.
1 Of 25patientswith post-vaccination serology24 were antibody negativd was antibodypositive buthad
low titers.

Methods: Case seriesf 55 solid organ transplant recipients (52 kidney and 3 kigraycreaswho developed
COVIEL9 after receiving 2 doses of SAB®Y2 mMRM vaccies. Each case received the second dose of vaccine
between February &ndApril 22, 2021Limitations Total number ofolid organ transplantecipients (i.e,
denominato) is unclear.
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Implications Vaccinated transplant patients should considentinuingnon-pharmaceutical preventive measures
such asvearinga face mask anthaintainingsocial distane. The potential value ofpost-vaccination serology to
assess immune respors@vulnerable groupshould befurther evaluated

Figure:
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Note: Adapted from Caillarét al. Timein daysfrom the second vaccine dose Bfizer BNT162bandModernamRNA1273
vaccine to the onset of COVID symptoms in each transplant recipieReprinted from Kidney International, online May 21,
2021, Caillard et al., Occurrence of severe CE&¥IM vaccinated transplant patients. Copyright 2021, with permission from
Elsevie.

Prevalence of clinical and subclinical myocarditis in competitive athletes with recent SBRE
infection: Results from the Big Ten COVIB cardiac registryDanielset al. JAMACardiologyMay 27,
2021).

Key findings:
1 Among 1,597 college athletes who had cardiac magnetic resonance (CMR) imaging af€0S2RS
infection, 37 (2.3995% CI 1.698.2%) were diagnosed with clinical (9) or subclinical (28) myocarditis.
0 Based on cardiac symptoms alone, only 5 athleteald have would have been screened and
diagnosed with myocarditis.
1 The prevalence of myocarditis per university ranged from 0% to 7.6% with 3 universities reporting 0 cases.

Methods: Observational study of SAR®V2 RTPCR positive athletes from 13 of Big Ten universities between
March 1 and December 15, 2020. Cardiac symptoms and details about cardiac testing were reported for athletes
with myocarditis. Myocarditis was categorized as either clinical or subclinical based on symptoms and CMR
findings.Limitations Prior to September 2020, not all athletes who tested positive for S2QR& infection

underwent CMR imaging, potentially affecting prevalence estimates; myocarditis prevalence may not be
representative of general population.

Implications Conprehensive testing with CMR imaging identified many more athletes with myocarditis following
SARE 0V infection than would have been identified by symptoms alone or by less intensive scre®ming.
accompanying editoriddy Udelsonet al. outlines challenges in widespread use of CMR screening and suggests
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¢the more practical and more widely available approach of testing with ECG, echocardpgragtserum
troponin likely improves specificity and decreases burden of potentially unwarranted athletic restdction.

Sameday SARE0V2 antigen test screemig in an indoor massgiathering live music event: a
randomized controlled trial Revolloet al. Lancetnfectious Diseasgdlay 27, 2021).

Key findings:
1 Of 980 adult volunteersandomlyassigned to experimental and control groupish negative rapid
antigen tests (AGRDT) prior to a-hour indoor concert

o None of thevolunteersin the experimentalgroupwho wore N95 masks but were otherwise
unrestricted andattended the concert tested positive foISARS0V2 by RTPCR on day 8
(estimatedincidence Q14%[95% CI| @-0.6194) .

o 2 of thevolunteers in thecontrol group 0.31%,(95% C0.04%-0.73%) who were screened at the
same time and did not attend the conceested positive for SARSo\ 2 on day 8

Methods: Randomized controlled trialages 1858 years}o assess the effectiveness of a comprehensive
preventive intervention(samedayscreening with ARDTsrequiredN-95 face masksandadequate air
ventilation) at an indoorconcert held December 12, 2020, in Barcelona, Sg@die primary outcome wasday
cumulativeincidence of RPCRconfirmed SARS0V2 infectionin the control(n =465)and intervention(n =465)
groups. Limitations Participants knew they were participating in a clinical trial

Implications Although less accurate than NAAT, theRgT, combined with masking and ventilation, reduced risk
at a large indoogathering Indoor mass gatheringsight be safewith appropriateefforts to prescreen
participants compliance with masking@ndadherence taair ventilation protocols.

PREPRINTSIQT PEEREVIEWED

Variants of concern are overrepresented among postccination breakthrough infections of SARS
CoV2 in Washington StateMcEwen et al. medRxiv (May 25, 2021published in Clinical Infectious
Diseases (Jung4, 2021).

Key findings:
1 Ofthe 20 SARE0V2 breakthrough infectionfollowing full vacciration, allwere caused by variants
0 The frequency of variants lireakthrough cases was 14dld higher than controls [95% CI 1:45
1.50, p = 0.001For which only 68% ofases were caused by these variafigure).
0 The 20 variant breakthrough cases were classified as: 8 (40%) B.1.1.7, 1 (5%) B.1.351, 2 (10%)
B.1.4278 (40%) B.1.429, and 1 (5%) P.1.

Methods: 20 SARE0V2 breakthrough infections detected at the University of Washington between February 23
and April 27, 2021 wergequenced and compared to 5,1¢dntemporaneousontrol non-vaccinated patient$o
identify the prevalence ofariantsamong breakthrough cases. Breakthrough cases were definpdtasts who

were fully vaccinated against SAR®2 (>2 weeks posnd dose oimRNAvaccine) who subsequently tested
positive by RPPCRLimitations: Small number of subjects in the vaccine breakthrough groogght have missed
breakthrough infections in the community

Implications Continued surveillance of pesaccine breakthrough casesight help refine development of vaccine
products andstrategies
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Figure:
Case Type
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Note: Adapted fromMcEwenet al. Heat map showing relative frequencieswvafriants(B.1.427B.1.429.andB.1.1.7) in
breakthrough vs. control casegOC=variant of concernWT=wild type; VOGR=variants of concern with reduced
neutralization Licensed under CC BY 4.0.

Effectiveness of COWAIR vaccines against the B.1.617.2 variaBernalet al. medRxiMay 24, 2021).
Published in NEJM as Effectiveness of COMDIaccines against the B.1.617.2 (Delta) variant (July 21,

2021).

Key findings:
1 Following 2 doses of Pfizer/BioNTech BNT16&fi2ctiveness against B.1.1.7 was 93.4% (95% Cl 90.4%
95.5%) compared to 87.9% (95% CI| 7892%2%) against B.1.617.2.
1 Following 2 doses of Oxford/AstraZeneca ChAdOx1, effectiveness against B.1.1.7 was 66.1% (95% CI
54.0%75.0%) compared to 59.8% (95%2819%77.3%) against B.1.617.2.
91 After 1 dose, both vaccines were significantly less effective against B.1(835%2, 95% CI 20.094.3%)
compared with B.1.1.7561.1%, 95% CI 47.3534.7%)

Methods: Linked dta (n=12,675)on symptomatic sequenced cases of COMBNd9 y At I YRQ& bl GA2Yy | §
Immunization Management System for vaccinations up to May 16, 2@2é used to estimate the proportion of

cases with B.1.617.2, based on S gene, compared to the predominant strain (B Magxrination status.

Limitations Does not account for differences in populations that may have received each vaccine; timing of rollout

for different vaccines varied.

Implications VaccineeffectivenessagainstB.1.617.2after 1 dose was onl$3.5% suggesting a need to maximize
uptake of 29 dosesof thesevaccines

Prevention, Mitigation and Intervention Strategies

PEERREVIEWED

Face masks effectively limit the probability of SARS\2 transmission Chenget al. SciencgMay 20,
2021).

Key findings:
1 The mean number of SARR®\2 particles exhaled over 30 minutes ranged from 1 to 600.
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0 The number of viral particles was low compared to the overall number of respiratory particles
and varied across settings.
1 Universal masking was more effective at reduairhorne transmissiowompared with masking by
infectious persons (source contral) susceptible person@vearer protection)only.
o N95and equivalentmaskswere more effective than surgical magi&gure 1).
1 Masks were more effective at removing larger particles that are more likddg generated and
dispersed during coughing or sneezing tisamaller particlesrom speaking or breathing (Figure 2).

Methods: Published data from medical centers in China, Singapore, and the US were used to model the mean
number of SARS0V2 particles exhaledlhe probability of infection as a function of the number of inhaled virus
particleswas usedo evaluate the effectiveass of masks againsspiratory particles and droplets with diameters
<M n n . Lmifations Did not model cloth or polyester mask effectiveness.

Implications Becausdew respiratory particles contain viruses and most environmeiotsiot haveabundant
virus, wearing maskwiith limited filtration efficiency (30%v0%)canlimit the number of inhaled viruparticles
andkeep the probably of infection lom most settingsin settings withhigher respiratory partiel concentrations
(e.g., some hetticare settings)higherfiltration masks such as95might be needed

Figurel:
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Immune response to SARS0\2 variants of concern in vaccinated individualBeckeret al. Nature
Communications (May 25, 2021).

Key findings:
1 Sera from partially and fully vaccinated persons had lcavgibody responsgto the receptor binding
domain (RBDifom the B.1.351 variant compared with RBD frtva B.1.1.A/ariart (Figure).
o Sera from fully vaccinated individuals had normal antibody responses to RBD fr@tuttier 5
and B1.429variants
1 Fullyvaccinated individuals had high IgG titers in saliva.

Methods: Sera and saliva antibody responsegteariants B.1.1.7, B.1.351, Clusterdnd B1.429 were examined

in infected (n = 35)and uninfectedn = 20)ndividualsand thosevaccinatedwith Pfizer/BioNTech BNT162b2 (n =

25). Levels of IgG antibody to RBD and neutralization of RBD were determined an average of up to 17 days after
vaccination Limitations Small sample siz&ndlimited follow-up time; saliva not tested against variants.

Implications Although Pfizer/BioNTedBNT162b2nducesa robust antibody response tcirculating SARS0V2
variants the responsédo B.1.351is reducedHigh antibody titers in saliva suggest that vaccinated individuaitm
have reduced transmission potential.
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Note: Adapted from Beckeet al. Receptor binding domairRBD-binding antibody responses against B.1.(Ayand B.1.351
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dashed gray line indicates an identical response betweentyld and variant of concerfdFI = median fluorescence
intensity, a measure dhe amount of antibody in a sampleicensed under GBY 4.0

PREPRINTSIQT PEEREVIEWED

Antibody responses after first and secof@OVIBD19 vaccination in patients with Chronic Lymphocytic
LeukaemiaParryet al. SSRN (May 25, 202Published in Blood Cancer Jourr{duly 30, 2021).

Key findings:
1 AmongB-cell chronic lymphocytiteukemia (CLL) patientgccinated for COVHDO:
0 34% were seropositive aftdrvaccine dose compared with 94% of controls.
0 75% were seropositive afté& vaccinedloses compared with 100% of controls.
o Antibody titers wereapproximatelyl04-fold lower compared with controls.
1 CLL ptients receiving Bruton tyrosine kinase inhibitor (BTKi) treatment and those with IgA deficiency
were leastikely to develop antibody responses following vaccination

Methods: SARSC0V2 gike-specific antibody responses were examinelrpatients following vaccination with
either Pfizer/BioNTech BNT162p2=154) orOxford AstraZenec&hAdOx1 (i 145)and compared with healthy
donors (n = 93)Patients were vaccinated on either avgek or extended 1§12-week interval. Antibody response
was determined 25 weeks aftevaccination Limitations Most samples obtained before the second vaccine dose
and inability to test for previous infection in many samples

Implications Vaccinated patients with CLL, particularly those on BTKi therapy or with IgA deficiency, produce
reduced spikespecific antibody titerswhich night represent reduced vaccir@duced immunityto SARE0V2.
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Social Behavioral, andCommunication &ience

PEERREVIEWED

Factorsassociated with racial/ethnic grougbased medicamistrust andperspectiveson COVIEL9
vaccine trial participation and vaccine uptake in the Ushompsoret al. JAMANetwork Open(May 27,
2021).

Key findings:
1 75%o0f participantsreported low willingness to participate in vaccine trials, and 52% reported low
willingness to be wvecinated(Figure).
0 Black adults were less willing to participate in CGlyaccine trials and to be vaccinated
compared with other racial/ethnic groups (Figure).
1 Black adults reported greater medical mistrust (mean [SD], 2.35 [0.96]) compared withratiedfethnic
groups (mean [SD] for the total sample, 1.83 [0.91]).
o0 Experiences afacism were cited as a leading reason for medical mistrust.

Methods: A crosssectional surveyf 1,835 adults in MichigaronductedbetweenJuneand December 2020
assessed whether respondents, if asked, would participate in a research study to test al@Q@¥tdine or

receive a COVHDI vaccineParticipants also completed the suspicion subscale of the GBaged Medical

Mistrust Scalausing aLikat-type scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores
representing greater mistrusLimitation Data not representativeof the Michigan population

Implications Socially and culturally responsive strategies that acknowledge and address racial/ethnic health care
disparities and historical and contemporary experiences of racism are needed to promote-CD¥AErination,
particularly among individuals identifyirag Black.

Figure:

Willingness to participate in a vaccine trial Willingness to be vaccinated
100
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Percent
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Note: Adapted fromThompsoret al, Table 3Percentage of respondengnswering that thewvould definitely not, probably
not or be unsure, or definitely will or probably will participate in COVIBL9 vaccine trials (left) or beaccinated (rightpy
race/ethnicity. MENA: Arab, Chaldean, Middle Eastern, or North Africezensed under CC BY.
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Detection, Burden, andimpact

9 Ngiamet al. Acute coronavirus disease (COVID) in vaccinated frontline healthcare workers in India: An
observational cohort study SSRN (Preprint; M&p, 2021). 14% of 2,160 vaccinatedehlthcare workers had
a positive RPPCR test for SARDV2 2 weeks after first or both vaccine dosé@ 2% of infections were in
persons receiving 2 doses (98.4% received Covislaelkine a version othe Oxford AstraZzenec&£hAdOx1
vaccinemanufactured by the Serum Institute of Indlianfections in persons with 2 doses were more likely to
be asymptomatic compared with 1 dose, but outcomes were similar between groups.

1 Magaliset al. SARSCoV/2 infection of BNT162b2(mRNARccinated individuals is not restricted to variants
of concern or highrisk exposure environmentsmedRxiv (Preprint; May 30, 2021). 10 SARS?2 infections
were identified infully vaccinatedersons(Pfizer/BioNTech BNT16212etween February and March 2021 in
Alachua Co, FL whe®8,000 persons we at least partially vaccinated by March™ B of thesewere <35
years old and worked in the healthcare field, but 7 mae-workplace contacts that were the likely source.

9 Daughertyet al. Risk of clinical sequelae after the acute phase of SARS2 infection: retrospective cohort
study. BMJ(May 19, 2021)Administrative claims, outpatient laboratgmresultsand hospital admissionsath
through October31,2020showed that14%(27,074/193113)of individuali§5 yeaswith SARE 02
infection developed a new type of clinical sequelae that required medical4arenthsafter the acute phase
of COVIELY, 4.95% higher than 2020pre-pandemiccomparator group.

Hazard ratio for clinical sequelae
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Note: Adapted from Daughertet al. Hazard ratiosand 95% Cl&r the most common clinical sequelaéter SARSC 02
infection versus the 2020 comparator groupVT = deep vein thrombosis, PE = pulmonary emboligrensed under GC
B¥NC 4.0

Natural History of SARE 02 Infection

1 Singhet al. SARSCoVf2 variants of concern are emerging in IndidatureMedicine May 27, 202} Since
March 2021 COVIBL9 cases iftndiahave surgedrom 53 to >200 per million populatigithis surgehas been
associated witha succession of variant strains, includid.1.7, B.1.351, and B.1.1.28There is now ateep
rise in cases caused the variantB.1.617.2that has3 key Sorotein mutations (L452R, E484Q, P681R).
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Prevention,Mitigation, and Intervention Stiategies

1 Sahinet al. BNT162b2 vaccine induces neutralizing antibodies and gpgcific T cells in humanblature
(May 27, 2021).8afrom fully vaccinatedparticipants in &hase 1/2 trial oPfizer/BioNTech BNT162b2
neutralized 22SARS0V2 pseudwiruses with single mutations in the spike prote®presenting variants
B.1.351, B.1.1.7, P.1, and B.1.1.298ke-specificT cell responsesere detected in 3/87 (for CD4+ T cells)
and 34/37(for CD8+ T cellfully vaccinatedoarticipants

9 Turneret al. SARSC0V2 infection induces londived bone marrow plasma cells in humanNature (May 24,
2021). Spike proteispecific bone marrow plasma cells, the source of fiwed antibodies, were detected
from bone marrow aspirates of 15 of 19 persons evaluated 7 and 11 months after mildCBRR $hfection
but not from 11 healthy cotrols with no history of SARS0\/2 infection.

1 Massarwelet al. Evaluation of seropositivity following BNT162b2 messenger RNA vaccination for - EARS
2 in patients undergaig treatment for cancerJAMA OncologgMay 28, 2021)13 to 54 daysdilowing dose2
of Pfizer/BioNTech BNT162t#0)% of 10adult solid tumorpatientsin Israeland 100% of 78 controls
developed IgG antibodies against spike protein. IgG levels were lower in the patient group compartie with
control group.
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Note: Adapted from Massarwekt al. IgG antibody levels against spike protein following Pfizer/BioNTech vaccination. AU =

absorbarme units.Licensed under CC BY.

1 Harringtonet al. Single dose of BNT162b2 mRNA vaccine against SRR induces high frequency of
neutralizing antibody and polyfunctional Tellresponses in patients with myeloproliferative neoplasms.
LeukemigMay 22, 202} Of 21 patients with myeloproliferative neoplasms given a single dose of the
Pfizer/BioNTech BTN162b2 vaccine, 17 had sgpleeific IgG (4 of whom had spi&pecific 1gG prioto
vaccination) and 18 had neutralizing antibody titers. 15/20 patients had-EARZ-specific CD4+ T cells and
7/20 had SARS0\2-specific CD8+ T cell responses.

Social, Behaviorabnd Communication Science

9 Dalyet al. Publictrust andwillingness tovaccinateagainst COVIB19 in the USrom October 14, 2020, to
March 29, 2021JAMA May 24, 202). Based on a sample of 7,420 participaimthe internet panel
Understanding America Studyaccine hesitancgmongUS adultgleclined from 46% in October 2020 to
35.2% in March 202Hesitancyremainedhigh among adults aged &89 yearq44.1%), those without a
collece degree (42.9%), and househsldarning<sP p 1 onless(43.7%).
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https://jamanetwork.com/journals/jamaoncology/fullarticle/2780584
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https://www.nature.com/articles/s41375-021-01300-7
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Note adapted from Dalgt al. Top: percentage of people reporting hesitancy to receive a CQY Maccine with 95%I€

Bottom: Trust in COVHDI vaccines usingcale of0 (do not trustdevelopment/approval processes) to 6 (fully trust processes).
Reproduced with permission from JAMA, 20Ruiblished onlindlay 24 2021 https://doi.org/10.1001/jama.2021.8246
Copyright© 2021 American Medical Association. All rights reserved.

Disclaimer: The purpose of the CDC COVID-19 Science Update is to share public health articles with public health agencies and departments
for informational and educational purposes. Materials listed in this Science Update are selected to provide awareness of relevant public
health literature. A material’s inclusion and the material itself provided here in full or in part, does not necessarily represent the views of the
U.S. Department of Health and Human Services or the CDC, nor does it necessarily imply endorsement of methods or findings. While much
of the COVID-19 literature is open access or otherwise freely available, it is the responsibility of the third-party user to determine whether
any intellectual property rights govern the use of materials in this Science Update prior to use or distribution. Findings are based on research
available at the time of this publication and may be subject to change.
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